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TEST CARTRIDGE FOR 
EVALUATING BLOOD PLATELET FUNCTIONALITY 

QC{i^7 BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an apparatus for 
evaluating blood platelet functionality. More 
specifically, the invention relates to an improved 
multicell cartridge for use in evaluating blood platelet 
functionality and method for using the same. 

2 . Description of the Prior Art 

It has been observed that blood platelets play a 
significant role in the clotting or coagulation of whole 
blood. When platelets are activated, they shorten the 
clotting time of the blood. This shortening is related 
to the initial status of the platelets and platelet 
disfunction is considered a leading cause of post- 
surgical bleeding following cardiopulmonary bypass 
surgery . 

Blood platelet functionality is conventionally 
determined by mixing blood and a clot promoting reagent 
such as kaolin in a buffer solution. This is done in a 
series of test cells incorporated in a test cartridge. 
After -adding the clotting reagent, the blood/kaolin 
solution in each cell is agitated to activate the 
platelets to promote clotting. The degree of agitation 
of the blood sample in each cell differs, one from the 
other. As described in U.S. Pat. No. 5,314,82 6, the 
clotting time is proportional to the degree of agitation. 
By comparing clotting times of aliquots of the blood as a 
function of degree of agitation, the blood platelet 
functionality can be determined. This process and the 
apparatus for carrying it out are disclosed in detail in 
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U.S. Pats. Nos. 4,599,219 and 5,314,826. Where necessary 
for a further understanding of the present invention, the 
disclosures in these two patents are incorporated by 
reference herein. 
5 Chemical platelet activators or reagents are well- 

known in the art. One such activator, l-O-alkyl-2- 
acetyl-sn-glyceryl-3-phosphorylcholine, a biologically 
active phospholipid, is disclosed in Demopoulos, et al., 
J. Biol. Chem., 1979; 254:9355-8. This platelet 

10 activator or reagent, often referred to as a platelet 
activating factor, enhances the ability of active 
platelets to effectively participate in the blood 
clotting reaction and thereby shorten the clotting time 
of the blood. If the platelets are inactive or not 

15 functioning normally, the activator will have a lessened 
or no effect on the clotting time. 

OBJECTS OF THE INVENTION 
It is the principal object of the present invention 
to provide an improved platelet functionality test 
20 cartridge that facilitates the evaluation of functional 
platelets in a blood sample. 

Another object of the present invention is to 
provide a test cartridge that, upon receipt of blood 
sample aliquots therein, provides clotting results that 
25 are predictive of platelet activity. 



SUMMARY OF THE INVENTION 
Jji accordance wiLh Lh^ foreg oing o bjects ; — the- 



present invention is embodied in a cartridge^Tiaving a 
plurality of test cells. Eachs^rT^s adapted for 
3 0 receiving an aliquot papt^tffa blood sample. A measured 
amount of clottijig^eagent is applied in the reaction 
chambea^e^each cell as a dried fill. The amount of 
^g^agefi L iu u ucli coll differs Iium t he amount ot reaggrrb- 
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i=n- oach othcr -ogll, ar j reast one o £ Li r e - cel - ls - cuiiLainl 
no platelet activating reagent. Additionally ,^am6unts of 
heparin or protamine may be added in ea^b^deTl either as 
a liquid or dried fill. The cell^<glso include a 
clotting reagent such as kapii^i which on use of the 
cartridge is inserted ^jjrfo the reaction chamber and mixed 
with the blood an^^latelet activation reagent. The 
relative cloJ^tlTng times of the samples in each of the 
cells i^foeasured and, when compared to a standard and 

rther, determines the platelet functionality of the 
ipl - Q -*» 

The cartridge and method of determining platelet 
functionality is useful in connection with open heart and 
cardiopulmonary surgery wherein the blood condition of 
the patient must be closely monitored. 
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DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a front elevation view of a multicell 

cartridge embodying the present invention. 

Fig. 2 is a section view taken substantially in the 

plane of line 2-2 on Fig. l. 

Fig. 3 is a diagram showing the relationship of 

platelet activating factor concentration to clotting 

time. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 
@L — ^ J Thc pr ^s pnt i nvontion io embodied in a te^t^ 7 
cartridge 10 having a plurality of test c^li^ll, 
preferably six such cells, dependin^f^om and integral 
with a cartridge plate 12 havipg^a front depending skirt 
or panel 14 . The cartridger^is adapted to be inserted 
into a test apparatu^^uch as shown and described in 
detail in U. S^pec€7 4 , 599 , 219 for the determination of 
clotting£iirte of an aliquot blood sample inserted into 



e st ceXJ-^Ll as descrJJ iQd-ift-- ^e Lc iil ""in said patentT 



Each cell is formed by a downwardly tapered tube 15 
defining an inwardly projecting annular seat 16 
intermediate its ends and in turn defining an upper 
sealing surface 18 and a lower sealing surface 19. A 
resilient flexible sliding plug 20 is positioned in the 
lower end of the tube 15 while a plunger 21 defined by a 
plunger shaft 2 2 and a sealing washer or disk 2 4 is 
positioned in the upper portion of the tube. The sealing 
washer 24 seats against the upper sealing surface 18 of 
the annular seat and defines with the plug 20 a lower 
clotting reagent chamber 25. The tube 15 defines . above 
the washer 24 a blood receiving reaction chamber 26. At 
its upper end the plunger 21 defines a flag 28 and is 
adapted for engagement by the test machine (not shown) . 

A clotting reagent 29, such as kaolin in a buffered, 
bacteriostatic solution, is contained in the clotting 
reagent chamber 2 5 above the plug 2 0 and below the seal 
washer 24. When the cartridge is used, the plunger 21 of 
each cell is lifted and the plug 2 0 is pushed upwardly, 
thereby forcing the clotting reag^ it into the blood 
sample contained in the upper cel_ reaction chamber 2 6 to 
initiate clotting. 

- In- accordanoo with the pibbent invention, a measured ^ 
amount of a chemical platelet activating factp^t5r^"^ 
reagent 3 0 is provided in the top or upp^r reaction 
chamber 2 6 as a dried fill. T^is^platelet activating 
factor composition is di^&tflved in the blood sample when 
the blood sample isirf€roduced into the clotting 
chamber 2 6 and the clotting reagent 2 9 added and mixed 
therein. Afiditionally , selected amounts of heparin or 
protamine may be utilized as a dried fill in the reaction 
chajRi5er 26, depending on the chemical procedure to be 
*fr iliaod 

In order to provide a series of differing clotting 
times, the amount of platelet activating factor in each 



cell differs from the amount in each other cell. In the 
first two cells 11A and 11B (as shown in Fig. 1) , no 
platelet activating factor is utilized. In each 
succeeding cell lie, HD, HE and 11F, increasing amounts 
of platelet activating factor or reagent are utilized. 

The preferred platelet activating factor is the 
compound l-0-alkyl-2-acetyl-sn-glyceryl-3- 
phosphorylcholine, a biologically active phospholipid. 
Other factors or compounds which may be used are 
collagen, epinephrine, ristocetin and arachidonic acid. 
Fills of the preferred platelet activating factor, l-O- 
alkyl-2-acetyl-sn-glyceryl-3-phosphorylcholine, are 
prepared by mixing the factor with a saline (NaCl) 
solution containing 0.25% bovine serum albumin, and 
diluting with deionized water to the desired factor 
concentrations. An amount of each solution of the 
desired factor concentration is placed in a cell and 
allowed to evaporate, leaving a solid or dry fill residue 
of the desired amount of platelet activating factor. 
Desired amounts of heparin and protamine may also be 
added and dried as a fill. 

The clotting reagent, such as kaolin, is prepared as 
a 4% w/v suspension in hydroxyethylpiperazine 
ethanesulf onic acid buffer with 0.5m calcium chloride, 
and sodium azide as a bacteriostatic agent. The amount 
of 0.088ml of this clotting reagent is loaded into the 
reagent chamber 25 of each cell 11 of the cartridge 10. 

In use, aliquots of 0.35ml per cell of a blood 
sample are dispensed into each cell. This results in 
platelet activating factor (PAF) blood concentrations 
illustratively shown in the following Table. 
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TABLE I 



Cartridge PAF Concentrations 


Amount of PAF in Platelet Function-PAF Cartridge 


Cell A 


Cell B 


Cell C 


Cell D 


Cell E 


Cell F 


0.0 ng 


0.0 ng 


23 ng 


116 ng 


230 ng 


2.76 M g 


Final Concentration of PAF in Blood 


0.0 nM 


0.0 nM 


1.25 nM 


6.25 nM 


12.5 nM 


150 nM 



in 




m 

3 : 



10 



15 



20 



25 



After introducing the blood bamyl^b In each cell 
reaction chamber, the clotting reagent is insertej^^o^nto 
each reaction chamber and the clotting time ofT the blood 
in each cell is determined. From the c^effting time for 
each cell, the clot ratio is calculated. Clot ratio is 
the ratio of the clotting times >f^r cells C, D, E and F 
compared to the average cont^dl clotting times, Cells 11A 
and 11B. Platelet functipn is expressed as a percentage 
of the maximum clot rajno response observed in a normal 
population. This vaiue of a normal population response 
is known and can fee used to compute the clot ratio 
percentage whipn is in turn indicative of the platelet 
functionality". Any appropriate desired calculation may 
be made freim the relative clotting times in each cell. 
The platelet functionality can in turn by utilized to 
determine blood loss during surgery and the need for a 
bloo/ transfusion. The platelet functionality further 
assists in managing heparin therapy during cardiac 
r* 



EXAMPLE I 

PREPARATION OF PLATELET 
ACTIVATING FACTOR SOLUTIONS AND CELLS 

Weigh out 62.5mg Bovine Serum Albumin (BSA) 
(Sigma Product #A-3803) . 
Weigh out 219mg NaCl. 

Make up to 2 5ml with deionized water. This 
gives 0 . 25% BSA/O . 15M NaCl. Leave until BSA is 
completely in solution. 

Using a Hamilton syringe, pipette 50^1 platelet 
activating factor l-O-alkyl-2-acetyl-sn- 
glyceryl-3-phosphorylcholine into a clean 
stoppered vial and allow to evaporate in a fume 
hood. Add 2ml BSA/NaCl solution and leave at 
least 1 hour. This working stock material is 
at lOOjiiM. 

Dilute the working stock platelet activating 
factor (PAF) in tenths serially down to 0 . IjjlK 
with deionized water. 5fil of each of these 
solutions gives 1.25juM, 12.5mM, 125mM and 
1250juM in 0.4ml blood, respectively. 
The following amounts are added to the cells 
and result in the indicated blood 
concentration : 



Cell Reagent Added Concentration 

of PAF 

A 5 jLtl BSA/NaCl 0 nM 

B 5 fMl 0.1 jjlK PAF 1.25 nM 

C 5 /il 1 fjiK PAF 12.5 nM 

D 5 Ml 10 flit PAF 125 nM 

E 2 Ml 100 jM PAF 500 nM 

F 5 Ml 100 MM PAF 1250 nM 



The water is allowed to evaporate, leaving a 
dry fill in each cell. 

Using a sample of normal blood from a voluntary 
donor, and a cartridge prepared according to 
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EXAMPLE I, 0.4ml aliquots of blood were added 
to each cell and the clotting time of the blood 
in each cell was determined and plotted as 
Fig, 3, 

As referred to above, the titration curve can be 
normalized by converting the clotting times to ratios. 
The clotting time of Cell A, with no platelet activating 
factor present, is the cell clotting time to which all 
other cell clotting times are compared. The ratio is 
calculated by dividing the Cell A clotting time in 
seconds by each other cell clotting time in seconds. A 
clot ratio is then calculated as 1 minus the ratio of 
Cell A clotting time to other cell clotting times (1 - 
cellAtime/cellxtime) . Data can also be presented in 
terms of platelet function as a percentage of normal. 
This is calculated from the clot ratio by multiplying the 
clot ratio by 100 and then by a factor of 1.97 which has 
been determined by measuring the maximum platelet 
activating factor response in 2 2 normal donors. These 
donors had no known platelet disfunction and were taking 
no' known medications. 

The test cartridge and method described herein are 
useful for providing a simple and rapid response point - 
of-care platelet function assay. This assay identifies 
patients with excessive post-cardiopulmonary bypass blood 
loss who could benefit from further blood treatment and 
management . 

While a certain illustrative embodiment of the 
present invention has been shown in the drawings and 
described above in detail, it should be understood that 
there is no intention to limit the invention to the 
specific form disclosed. On the contrary, the intention 
is to cover all modifications, alternative constructions 
and compositions, equivalents and uses falling within the 
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spirit and scope of the invention as expressed in the 
appended claims • 



